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1 

>x^^x\ mMmvrmuizReRzfc r.^u^wn^^xmu^mn^m-R e~c 
im^ms] mu^m-R e-c r^^<D±Kc i&mRVA i&m^t^^ 
im^M9] mu^m-R e-c r^^<D±{zRe j^m^^m^^. 

[0 0 0 1] 

@#H^ (m'fbtt> «7ctt. ^:fttt^H^> ^) tc43v^Tl£ffl-ci«g>^M 
[0 0 0 21 

^m^mfL^w-Mt Lxjt:<mm^ixx\^^^i^ i -c r-^^fii i o ov. f 

e - A 1 - C r^^ii 1 2 5 0 "CWitPI^S-Kt?*)^ o S^XfiS^-^^Jill- 
[0 0 0 3] 

[0 0 0 41 
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^mm^m KLfz^<DtLxcitih <7)^m (^^m v n ^ tmm 'Srff^^ t 

7^:^<7)^?^^ mm^5-2 9 9 1 5 6-^^^) o 
[0 0 0 5] 

^p^mm§tm^t LT. v'j K^i^#(ii 6 5 or^ m^it^vr 

r>§tmm±l 7 5 0*C*-e<^m'fbte^H^T'^ffl$tLTv^;i»o L;6^L> M^t 
[0 0 0 6] 

[0 0 0 7] 

mm^mm-'^fz^(T^^m 

X.fzW^X^'oX^ :S;^1i<^I*I©{±R e-C r^Off (v^-^) . ^® 

( 2 ) e#:^#MX{±litiAc^^ tci£tfe bfc R e 'BiXfC r =^^^f 'i>'^^S*t<^^ 
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4/ 



(3) i^^m^mxitm'X^mmu^^mm<Duui<zm^L. ^^j^v^-e. Re- 

(4) Re-Cr^(^)^ 5f@;e,.f>;&^|*)^(;)_htcC r ^m;S.O'A mm 
C r-T;V5-^^ KjS=Jr5^fi£1-^Clfc^.#m<h-r^±fE (3) (D^M^^m^^m 

(5) Re-Crm<7)<r (viTv) n7!)^Ci>tj: ^nm<D±l,ZR e &mRtfA I &m 
Re-T;^5■:^'f K^^rfMf >i>^i:'^#lt^:-r^±ie (3) (D^M^immm 

(6) Re-Crm<?)(T (v^^^r) ffi;&-^55r^I*l^<^±lCR e ^j^^Sr^^^^i-. 

Witir^±m (3) <7)^«»*)Lll«<:#<7)m^t:^-^o 

(7) e^J^^«X{i»i^#m*#^@eiJff^^<7)gj5#l3^ff^L. ^v^-e. Re- 

mLxmUKReRZfC r ^iStlc^-tirT^^'^^^ife^- R e - C r -a-^l^^^b 

( 8 ) mU^m-R e - C r -^^Oitc C r &mRr>*A 1 JfelM^lfe^ ;^ 

(9) ^*t^«-R e -C r-^^OitCR e;^m=Sr^^$^t. ^v^-C, v';rr> 
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[0 0 0 8] 

:^^m<om.m§^mW(omuii}^^m^m (pt, ir, Rh, ru) xum'X 
(w, Ta, Mo, Nb) T-^b^o ^^m(r>mn,§tmi$^tLr<D^^^:m.m- 

[0 0 0 9] 

-e, Re-c r^^(7);^M. xifRe&mtcr&.m:<7)wm&m^nm^^. 

[0 0 10] 

R e - C r '^#<^>Jfe)^. X(i R e J^H t C r J^McO^^aigl^T^^^ti. R e - 
C r^^<^m^«6o|i-^R eie)o|: t C r i6o i Olt®m^ie)o i^^ltf t Lv^o 
R e -C r '^^<7)«^i6o M^t^^ ^(7):^^-^^%^ § ;5> o 

^i:^^-t^o 'mM^<7>m.^ ; klCls:63m\%, NaCl:20mol%, KCl:17mol% 
^v^-C, mft?«l<^mfi?t&4»t;, 0. 1 ~5m*%<7)R e C 1 4. O. 1-5 

fi»%<7)c r c 1 3=^«L. mm^^^o. 3m/sx-mwL^j:-^^h. mmmuBt 

[0 0 11] 

R e-C r'g-^>Sll<^C ra^0^ffl{±> R e - C r m<7) <y (4 0~6 0M 
T-%Cr) <7)|gH-e^i9> 5 0J^,T-%'gJ^:^^^M* tv>o JiiTcT^^ife^llT'ti. 1/^ 
•^A'^#(^)^M{im^i6o§&^fflv^-C{^ML-Cv^^o t:;6-L^ CVD> PVD 

[0 0 12] 

R e (Dm%ib^ ^ {i^ m^i^. ±t^(omm^ i omm^ii^ o . i ~ 5m»%<7) 

R e C 1 4 t> mmm^ O . 3 m/sr-m^ m^f&i^E 1 6 0 r 
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[0 0 131 

^^®tcffMi-^75>\ xi±^MtRe-c rtb'o^m^m:s.w:n^^x-zu±m 

- R e - C r '^^tc^'fk^ -fr^o 
[0 0 14] 

M-^-e. 1 0 'c/^(7)3gjg-e 1 3 0 o°ciT*#^a^ i ~ i 0B#r^i^#i-;i>o -f^ 

#B#^(*2f^F4@Jg7&^$ tv^o Re-Cr^M7&5f!|g|-BJimL^v^ 
^ t^&W'C^-e^^So m^'fe^'{i*)oT*> J:v^o ^Ofcf^F^I^^^LSt^J: R e-C r 

^> ^ ^ ililW 'fc^ ^ o 
[0 0 15] 

m#<^S*t^Jl-Re-C r-^^lC^fb^-^^j^-g-, :E;*t/Re (Cr) #M 

75-^^iSJ£tJ:«tft. S#{i:S:^-t^M-R e -C r^^li^-fki-^o ^<Dfzif> 

[0 0 16] 

[0 0 17] 

R e-C rm<r (v^-^)^5^^?>=fe^®<^±t^^ C r&l^tA 1 >S.m^^^$-^t 

<D^mt8 0 0- 1 3 0 ox:x\ 100 ovm^Tbmt L^^^mx^^ho ^<o^ 
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C r jfeM<7)l?^ {ilt 5 ~ 3 0 mT. 1 0 /u mmm^mt Lv^o C r aT^^^l-- 

'fc^^^t^. ^^^fi^=&cr (Ai) mmm^ti-r\ ^-r^ht. mi^^^)VTx^ 

>2)o R etR&^^\,z^ A 1 {i3^^@?#L^v>o ^M^mzA 1 ggJi^^t 
[0 0 18] 

mm<D^ELmtm8 o o~ 1 3 o or-r^ 100 ovm^-^^mt Lv^zajigt?^>^o 
R e.-A i®7^^'5^^;^tL-r> ^i-r^st.. ^"^4 ^ )\^Txn.m. wm^f^^-r^ 

[0 0 19] 

Re-Crm<7)cr (iy^-^) m-^>h^j:^m<^±KR e&m^^m^'t^ >X^^X 
, '>'; n>'(7)J£tfc^il^SlcJ:^Re-vU-9-^ KS^^^^LT^) iv^o C<Dm 
R e>S:M<^¥${±^5~3 O/iin-e. R e ^;^»5/^^^v^ |: , ^^fi^j^Re- 

[0 0 2 0] 

: p t/i^mnm : r e (c r-p t ) /jm^^m : R e -C r -t;v^ 

V tmM (^OO/um) ^ffl^L. 3fe-r^ S6«IO?f^*ftt^^5^t7to C<7)P t 
ia^^l^Mi:LT. ^Si: LTeikm^=^j£fflt. HufB<7)«ft?^ 1 (Al 
Cl3:63mol%, NaCl:20mol%, KCl:17mol%) ^^Z.^ 0. 4 fi4%<7)R e C 1 4 0 
. 4m:l:%<^C r C 1 3 «r»t. «j^^§^^0. Zm/sXm.n\^^J:i)^hmmmU. 
Jgl 6 or-eC r <oa^:;6^5 0J^^%<7>R e -C r'^^>feM^I¥$ 1 0 y« 
i6o §.L/to Si^M<^«ii{iA 1 #Bsm®<DmiStc^LT± 0 . 0 YX^-ofZo 
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[0 0 2 1] 

i 1 0 ,1 mW^mLfZo 
[0 0 2 2] 

Mv^T. R e-C r^^^l^hC r;fem=^5^^tfcP t^:i5t*^Mt L-C. ^ 
Jg9 9. 9Mi^%«0A 1 ^Jl=S:|#Mi: t> "SlffBomj^Mf 1 omfi*t& (AlCl3:63mo 
1%. NaCl:20mol%. KCl:17mol%) ^m^^. UMl^^lAmi 6 Otl-C^ A 1 ^M=SrJf 

[0 0 2 3] ■ , 

mi- (1) iz^ nhfifzmMm^<DmM^m^miz^'rt^v)^ pts#i 

tif±R e - C r ^C7> ^ (vi/-7)^BII. d^i-^tiC r ft^^tiA 1 feMVI 

JgT'#a. 6 0 0ric4B#^^#L/im> 1 3 0 OlCtlinl^. 

[0 0 2 4] 

01- (2) tc. =f#'^tL7tmi5t»f®<^it3t=^m^fl^t3:^-ti:i3t). S*rit±P 
tT'^l9> .^^<Ort^(iR e-C rm<^cr(vir-7)^II:Ccbao -feM^^<5^C r 
>fe)lIIIi:*^i-ii<7)A 1 J^MIV(±S)SLT. 7 5J!^^^%A 1 ^-^tf C r -T;v^ 

[0 0 2 5] 

±iB<7).s:m^ff^^L/iP tim^. 1 3 0 ortrsfti 0 0 omm(o 

mm^^:^-ofzo ^*5. itm<7)fztt)l>z, >&m^^L>&v^P tm#tcov^-c^)|S| 
[0 0 2 6] 
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Pf Re ^ Pt M 

100 1.0 -0.4 

250 1.7 -1.0 

500 2.1 — 2.0 

1000 3.5 — 3.9 

******************* 

[0 0 2 7) 

mimmLfzF t/R e (C r) /A 1 - C r ii*toifMi^*ism t. 
lc^i;n.TV^^7c^<0^jg^EPMA^gT-M^t7t:o III 1 - (3) tc, mPJk 

(DP tmMmm<Dm^t:m^&^\i^^'tt)sy)m-^o mmmmt. mi- (2) o 

- (2) ^J:l:^i-;i>i:> &m5^il<7)C r-T;^^■:^'f F+iVfiC r5A Igl^BVIl:: 
[0 0 2 8] 

J':J.±<^^:^5&-'b^ ^M*?9 1 <7)P t /R e (C r ) /A 1 - C r m^fb 

cL<h;6^^^;&-^o aii^^t-<fcdic, &m^^L^j:^^F tmmmimm^ 

[0 0 2 9] 

^»!I2 

ir.*t : p ty&m\*im : Re (cr-p t) y&j^^m : Re-r^v^^-r k 

i^mm 1 i:^#-e. r e - c r ^±&m^mnii^'o^ t. fi^PBi^^sib/c 

0 icV^-C> t^iemil^lfl <^«^^&4'tc. 0. 4«»%<^R e C 1 4 ^mwi^fzo 

1 #fiBm®<^m^i::>Pj- L-C± 0 . 0 V<D^^TX\ R e ^ 1 0 /umW^ib^ § L 
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fZo 

[0 0 3 01 

^^>-C> Hirlfi<7)mi^«l<7)mj#?§'4'li> R e-C r-^^J^m^R e;fe)il^f^^ 

6 0 t:t?. A 1 m)^=£:l¥$ 1 5 fJ^mMJsb^ i tT'.ro ^5S<^m<i{iA 1 #Bsm 
M<^)miitc*tLT- 0. lV-C^)-p/Co 
[0 0 3 11 

1112- (1) t;. t#f,tL/i|^*tlllf®<^«^=^m^fi«JtC^i-i:*3«)> PtS*tI 
iifiR e -C rm<7)(y (v^J^'t) ffill. ^J'l-ii lltiR e :R^i>S(iAlJ^ 
[0 0 3 21 

0 0 "C t:i 4 Btf^ll^^ LTtm. ^h\Z^ 1 3 0 0 °C iCjJD^. 1 Btr^^i^J^ U/io EI 2 

- (2) tc, %h^fz-? tw^mm<^m^^^'M'^\'-7r<th^'^^ z^^w^^v t 

;S:m<?)|*lJi{iR e-C r^<?)ff (v:5^'7)/|SIIt?*>^o J^M^i>^ <^ R e j^. 
MlII^«^i-^<^A l^mm^E^&LT^ 7 5JE^%A 1 ^^tf R e -T ;V 5 

[0 0 3 31 

±1 Boail ^ t /i P 1 ^ > 2 V o 1 % <r>mA\.im - tK^?!^*"^ 4" ^ 

1 0 0 0°Ct?ftRl 0 O0#rHl<7)ic'fbi^:feii^l^=Srtf oTto ^i3> Jt^o/::^^^, ^ 

[0 0 3 41 
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^pgChr) m-^M (mg/cm2) 





Pt-Ee U 


Pt*t 


1 0 


1 . 


0 


1 . 4 


2 5 


. 1 . 


7 


2 . 3 


5 0 


2 . 


1 


7. 0 


0 0 


3 . 


5 


12. 0 



[0 0 3 5] 

m^tm-k.^^LfzF tXRe (Cr) /R e - A m#OifMai^=&ll^ 

^mK^ttix\^^:h7tm<7)m^^EPMAmm-^iM^Lfzo 112- (3) 

[0 0 3 6] 

El 2- (3) J: J). if®^>t{illl2- (2) (Ty^fitmULX i^^ . ni^X^ 
m^'bmm'J^-^j:^^^t:^^6^:^-^. L:d-L. 1112- (2) tifcici-^t> 
Jf C9R e -T;^5-^'f KiaV(iR esA 1 g^VIi^^oTv^fco 
[0 0 3 7] 

Uk±(Dmm^(^. mmm2<7)P t/'Re (Cr) /Re-Am#T-(±> ^'fb 
[0 0 3 8] 

mmms 

S# : P t/J^mi*I/i : R e (C r-P t) : R e - >";-9-^ K<7) 
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[0 0 3 9] 

orir^fi, 2mm^nLtio ms- (1) tc, #f>tL/i^#ifM<o#3i^:m5S: 

:E^/N-ffilJO|^^{±R e -C rm<7)^ (v^*-7);j=BII. ^@{±R e S i i. 
[0 0 4 01 

1 0 0 0'C-e*:Rl 0 0^m<om^tmMMMin':^tZo ^*5, itmofztt^iiZ^ & 

[0 0 4 1] 
[^3] 

Pt-Re *t Pt tt 

10 0.2 1.4 

2 5 0.5 2.3 

SO 1.0 7.0 

100 1.5 12.0 

[0 0 4 2] 

m'l\:M:kM.MkLfzF t e (Cr) /R e - S i ^^^OifMW^II^ 
#^lC'^^tiTv*;5>5n^08iJ^^:EPMA^ffl:TM^t/io 03- (2) ic, ^ 

i^<7>jit;^ifM<^^^^^^e«ii-^-t J: ^ 3 <7) p t mu<om\M'kA 

l±U^I,Z{i.-^j: < . S i S 2 (il'^SOS i 0 2 =l:^tf ) X >>--;l/VIIOT<^'^#^M 

[0 0 4 3] 

IIWJ4 
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: (R e-C r-P t) y&mP^m : R e (C r-P t)/^^^^ : C r 

Lfzo p t mMii^MMm 1 1 n cm^-x\ r e - c r ^^j^m*«^i6o § Lfz 

o fzfzL. J?$(i5 0//mi: Lfzo 13 4- (1) IC. t#ib;h,7^:j^*tM®Oit^^^ 

^^fi^ti^i" J: ^ p t :E;*tio^fflt::. R e - c r ^^&mii]^mmm^ 

[0 0 4 4] 

i^v^-c^ ^fsi4:^'x#H^4»-t?, mmmmK^^. i o ic/^9'<^5Set- i e o 
ovtx'^i^L. 2mm^WLx^fmMmLfzo m^- (2) tc, tfibttf^^ 

^^if ® *^^fiU ic^-t J: ^ , P t {iP.t^iav#LfcRe-Cr- 
P t <^ am' (Re-4m^=-%Cr-18MWt) iC^-fbLf^o 
[0 0 4 5] 

fzp tmu^mmtLx. mm^^o. sm/sxmwL^j^ii^h. mm^i^mie 
0 vx\ ^UfommiA 1 #B.^m'^<^m<itc*t l-c- 0 . 1 v<^^#Tr% a 
1 'Sr5;«mm^i6oi: LTto 1114- (3) n(ofLfzmMmm(Dmi^^m^m 

11^1-^*5 19. Re-C r-P tOa>!=BroMHt^> C r ;^mill ^: A 1 
[0 0 4 6] 

- (4) tc, #f>tt7t^#ifMOlt3t*m^6^l^^i-i-9ti. S#I<^i^at::C 
r-T;V^-^--f VW^^(b^£^&mtm]&LX\^>fZo S#IO&^J±|l|4- (3) 
J^MJiii: t-rC r (A 1 ) ^;6-^^;2>o 
[0 0 4 7] 

±fBom#^^ 1 5 0 0t:T'^:R4 0 0 ^r^<7)m'fbi^Jil^^f o/Co t 
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[0 0 4 8] 



(h r) 



m±-&. (mg/cm^) 
Pt-Re 



10 0 



1 . 



5 



2 0 0 




4 0 0 



[0 0 4 9] 

ir^i)K ^m<r>C r (A 1 ) <Dm.J&ii. 4 7J!^^%A 1 ^-h 3 5I^T-%A 1 i^jg: 
[0 0 5 0] 

m±<7)jgm75>ib> ^ifeM4<7) (R e -C r-P t) /C r (A 1 ) H^-Cii^ 
[0 0 5 1] 



(Re-Cr-Ta) : Re (C r - T a ) /J^Ii^j-S : R 

Lfco P t^#l;ftx.TTa^#«rfflV/^ 4 i:|S| C^ft^-eR e - C r -B"^ 

^i^=&«^ie)oiL/ro 1115- (1) \,z^ n'^fifzmMmm<7)mm'^m^mK^ 

[0 0 5 2] 

^jfeJC. IIJ&M4 t|sID##T'ft>^!^ML/io 115- (2) iz, nhfitzB-U 
llfM<7?«it*1i^etJli^-t-J:^ TaS#{i:Ta=Sr®^^L/iRe-C r-T.a 
O^r^fgrii^'fbLT^^o icV>-C. ±l5(7)Ta^5|5t=^/pM1*:*';^#ffl^t5\ S 
^izm^^'tX. Mmu^.L. 1 5 0 0"Ct3#za. 2mm^WLfZo 1115- (3 

) ic. w(^fitzmMmm<7)mm^m:miz^irxdK. :^MmT a^mmLtz 
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R e-C r-T aO<r*BI'-e*l9. &mii7 Om^%W.±(DS i ^Sr^tfRe-v- 
U-^^-f KffiV (R e S i 1. 8 + S i ) T-^oT^Co 
[0 0 5 3] 

[0 0 5 4], 
1^51 

B*r^(hr) m-itm. (mg/cm2) 

Ta/Re(Cr)/Si # Ta 

10 0.1 0.4 

2 5' 0.4 1.3 

5 0. 1.0 4.0 

100 1.4 10.0 

[0 0 5 5] 

^iw^m.LfzRe (cr-Ta) /Re-.s i mM<7)m'mmMt:mmi^. 

iz^ttix^^^Tumomm^EFMAmm-x^mmLfzo ms- (4) m^^k 
<Dmum'm(7ymM^m^mi,:^^irx ^ ic, mmm 5 ot a^#<^i^'fbj^:fe*{i;^ 

«tCil?;5r < . S i S 2 (^^*<^S i O 2 ^-^tf) ;^y-;i'VII<^T<0'^^^Mt3(i 
Re-Cr>jiir.fci^V^#JtOReg;&^^<f^fiKLrv>fco C1<0^;&^ 

[llIM<Offi#'^ra] 

[mil 

iiMMio^£tJti&mi#=s:m3t-r^#x5gtci5tt^ii#ifw ( (1, 2) iim^fk 

[1112] 

*M^j2<o^*^L§ii^#:^m^i-^#x^ic*5tt'&^#if® (1, 2) tm^m 
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[HIS] 

mmm3<7yim^mi^imm'r^^i:mii^isif^uumm ( (i, 2) ^^-t 

[1114] 

mmm4<omi^mi$i'i:m^-t^^xmizisn^mMmm (i~4) ^^i-m 

^lllt:-^;5>o 
[ins] 
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imi] 




R e — C r^(Z)(j5fB 
C 

A 1^ 

Re-C r^®a^B 

Re-C r^OCrffi 
A 1 aOgX^-^l/ 
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^- V : 2/ 



R e - C r^©(7 3fa 
A 1^ 

R e -C r5^©(7*B 

R e -C r^oaffi 
R e sA 1 sffl 

A 1 sSaX^— ;l/ 



(4) 




W P t S 2X^-;l/ 
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^1 
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3/ 



[US] 



(1) 



ISM (P t) 




n Re-Cr5^©C7ffi 



V Re S i i.8:ta 



(2) 



;m (P t) 




n Re-Cr^®Crffi 
V R e S i 1. s^a 

VII S i SaX^^r-;!/ 
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4/ 




[1114] 



(1) 




2^11 Re-Cr-^ 



(2) 



(3) 



(4) 




r 

R e-C r-P t®(J*B 



r 

Re-c r-p toa*a 

Iff C r 
IV Al 



r 

Re-c r-P t®(7*B 

V C r -TJli-f-^ 
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5/E' 




[HIS] 
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